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Introduction
　Many studies have shown that various mucocu-
taneous disorders such as lichen planus can be 
caused by metals in dental materials1-3.  Patch 
testing is thought to be the most reliable method 
for diagnosing a metal allergy.  Patch test reac-
tions are interpreted by visual inspection and by a 
palpation of skin reactions, such as erythema, 
papules and blisters after the skin has reacted 
with the antigens.  Interpretations of those reac-
tions can differ depending on the characteristics 
and experience of the investigators, as well as on 
the general conditions of the patients.  Thus, 
objectivity can be a potential problem in the inter-
pretation of results.  When the antigen is a metal 
salt, primary irritation responses occur readily 
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Abstract : The patch test is the most reliable method for diagnosing a metal allergy.  However, in-
terpretation of patch test results depends on the experience of the investigator and on the condi-
tions of the individual patient.  In the case of patch tests for metal salts, irritant reactions such as 
pustular or follicular reactions are quite common.  Therefore, one must be careful not to interpret 
irritant reactions as allergic responses, and objective standards to evaluate erythema in patch tests 
need to be established.
　In the present study, we attempted to objectively evaluate patch test results for metal salts using 
an erythema index meter.  We used the Erythema Index Difference (EID) (patch test site erythema 
index (EI) minus the mean EI of healthy skin outside the patch test area and at the unit tape site) 
rather than the EI itself in order to eliminate the effects of the patch test unit and individual dif-
ferences.  We measured the EID over time in patients with suspected metal allergies to various 
metals.  Signiﬁcant differences in EID were observed among ++ assessments, + assessments and 
irritant reactions based on International Contact Dermatitis Research Group (ICDRG) standards.  
In considering changes in EID over time, allergic and irritant reactions can be discriminated with 
high sensitivity (73.3%) and speciﬁcity (91.2%).
　These results suggest that the measurement of erythema over time with an erythema index me-
ter is useful for the objective assessment of metal patch test reactions.
Key words : Metal allergy, Patch test, Bioengineering method, Erythema index, Objective assess-
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and it can be difﬁcult to distinguish those reac-
tions from allergic reactions4.
　In the UK, differences in interpretations 
between trained readers are reportedly small5.  In 
Japan, however, interpretations can vary between 
hospitals, which has been attributed to the lack of 
a standard training program for interpretation 
techniques6.  Therefore, a method for objective 
assessment with minimal error needs to be estab-
lished.
　There have been several reports on objective 
techniques to assess patch test reactions using 
Echographic7, Photometers8, Laser Doppler9, and 
other instruments, but no deﬁnitive method has 
been established to date.  Erythema from allergic 
reactions generally peaks within 48-72 h, but can 
continue after that time.  In contrast, erythema 
from irritation responses peaks at 24 h and then 
disappears10.  In previous studies, erythema has 
been simply quantiﬁed on each reading day with-
out considering changes over time.  Patch tests 
need to be objectively interpreted with numerical 
values for erythema over time.
　We focused on using a melanin & erythema 
index meter (MX18) (Mexameter MX18Ⓡ ; Courage 
+ Khazaka Electronic, Köln, Germany) that can 
quantitatively measure erythema and melanin 
pigmentation at the skin surface.  With the MX18, 
erythema and pigmentation from melanin are 
expressed as an erythema index (EI) and a mela-
nin index, respectively.  We previously demon-
strated, using a murine model for delayed-type 
hypersensitivity (DTH), that the EI determined 
using the MX18 and auricular swelling are corre-
lated11, which suggests that allergic responses 
could be objectively evaluated using the MX18 in 
human patch tests.
　In the present study, we established an objective 
erythema measurement method to objectively 




　The MX18 is equipped with a probe to measure 
EI12, using a measurement area 5 mm in diameter. 
The probe is pressed against the skin surface to 
block outside light.  With the MX18, light of two 
different wavelengths, one that is highly absorbed 
by hemoglobin (568 nm) and another that is 
highly reﬂected (660 nm), is emitted from a ring-
shaped light-emitting diode, and only light 
reﬂected from the skin is recorded by the optical 
receiver (Fig. 1).  The absorption properties of 
both wavelengths are nearly the same, so the EI is 
obtained using the ratio of the amount of reﬂected 
light, which correlates with hemoglobin content13.
　To maintain the reproducibility of measure-
ments, a spring is placed in the probe so that it 
Fig. 1　MEXAMETER MX18Ⓡ (Courage + Khazaka Electronic GmbH, 
Köln Germany)
A: Body
B: Conﬁguration of probe
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presses against the skin with a uniform pressure 
during measurements.  The aperture of the probe 
does not actually contact the skin in order not to 
be affected by the pressure.  In addition, blood 
ﬂow is not affected, and in cases where the outside 
light is not properly blocked, an error is shown on 
the display.
2. Subjects
　Ten healthy volunteers (mean age, 27 years ; 5 
men, 5 women) with no history of oral mucosal 
disease, skin disease or metal allergy, and who 
consented to participate in this study, were used 
as normal controls.
　Fifty patients (7 men, 43 women; mean age, 
57.9 years) with suspected metal allergies who 
visited the OPC (outpatient clinic) of the Depart-
ment of Oral Medicine, Oral and Maxillofacial 
Surgery at the Tokyo Dental College Ichikawa 
General Hospital were also examined in this 
study.
　This study was conducted in accordance with 
the regulations of the Tokyo Dental College Ethics 
Committee (authorization number 163), and items 
related to the study were explained to patients 
and their consent was obtained.
3. Patch test evaluation method
　On the ﬁrst day, reagents to be tested were 
applied to the back of each subject on a patch that 
was closely attached.  After the second day, the 
patches were peeled off and the ﬁrst reading was 
taken 2 h later (the 48 h reading).  A second read-
ing was performed after 3 days (the 72 h reading) 
and a third reading was made (1 week reading) on 
day 7.  Each reading was based on the Interna-
tional Contact Dermatitis Research Group 
(ICDRG) standards.  The same practiced person 
performed all the readings.
4.  EI measurements in the clinical setting 
with patients
　In a previous study, the EI was reported to be 
affected by sex differences, individual differences 
and by daily differences in the patch test14. 
Therefore, the EI was revised in the following 
measurements to eliminate sex differences, the 
inﬂuence of the patch test unit, and individual dif-
ferences.
　(1) EI measurements in the patch test
　For the 10 healthy volunteers, testing was per-
formed using the Metal Series Diagnostic Drug 
patch test (10 materials) (Torii Pharmaceutical 
Co., Ltd., Tokyo, Japan).  At the same time, the EI 
was measured with the MX18.  In addition, for the 
50 patients in the study, testing was performed 
using the Metal Series Diagnostic Drug patch test, 
(20 materials) (Torii Pharmaceutical Co. Ltd., 
Tokyo, Japan).  At the same time, the EI was mea-
sured with the MX18.
　The EI was measured at three locations : the 
actual patch test site and two control sites of 
healthy skin (Fig. 2).  The EI of the patch test site 
was measured at the center of the reagent patch 
pad.  The same practiced person performed all the 
measurements.  The EI was measured three times 
at each site and the mean was calculated.
　(2) Evaluation of EI for objective assessment
　We calculated the EI at the patch test site 
minus the mean value of the EIs at the two con-
trol sites as the EID.  The EID was used for objec-
tive assessment rather than the EI itself.
5.  Difference of EID between positive reac-
tions (+, ++, +++), irritant reactions (+?, 
IR), and negative reaction
　We classiﬁed the patch test reactions at each 
time as a positive reaction (+, ++, +++), an irritant 
reaction (+?, IR) or a negative reaction (-) accord-
Fig. 2　EI measurements in the patch test
The EI was measured with the MX18 in three locations : 
the patch test site ; the patch test control site, and the 
healthy skin control site (total of 60 locations). 
EID = ○－（△＋□）/2
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ing to the ICDRG standards.  We also analyzed 
differences of EID between these reactions.
6.  Difference of EID between each metal 
reagent
　We investigated differences of EID in positive 
reactions (+, ++, +++), in irritant reactions (+?, IR) 
and in negative reactions (-), (judged on the 
ICDRG criteria), respectively, between each metal 
reagent.
7.  Changes in EID over time in the three 
groups of patients
　The patients were categorized into three groups 
based on reactions at the reading site : a positive 
group (+ or greater at the 72 h or 1 week reading) 
a negative group (all readings negative) or an irri-
tant response group (responses other than the 
above).  We analyzed differences of EID between 
the positive, irritant and negative groups to estab-
lish cutoff values.  In addition, sensitivity, speciﬁc-
ity, and evaluation of congruity assessed by the 
Kappa statistic of the evaluation method using the 
MX18 were determined for readings based on the 
ICDRG standards.
8. Statistical analysis
　The relationships between the patch test reac-
tion and the EID at each measurement time and 
the EID of each metal reagent were analyzed by 
ANOVA and Dunnett tests.  Signiﬁcance of differ-
ences in each assessment group and the EID at 
each measurement time were analyzed by ANOVA 
and Fisher's PLSD tests.
Results
1.  Differences of EI and EID in healthy vol-
unteers
　At all measurement times, the EI was signiﬁ-
cantly higher in men than in women.  On the 
other hand, the EID did not show a signiﬁcant dif-
ference between men and women at any measure-
ment time (Fig. 3).
2.  Differences of EID in the patch test reac-
tion
　Patch test reactions were judged as + assess-
ments (189 sites), ++ assessments (22 sites), irri-
tant reactions (558 sites) or negative reactions 
(2231 sites).  However, there were no +++ assess-
ments by the ICDRG standards.  We detected sig-
niﬁcant differences in EID between ++ assess-
ments (202.29± 63.2), + assessments (140.83±
66.5), irritant reactions (76.13± 52.9) and nega-
tive reactions (23.53± 39.07) (Fig. 4).
3. Differences of EID between metal reagents
　We observed ++ assessments for 4 materials, + 
assessments for 17 materials, and irritant reac-
tions for 18 materials (Table 1).  In patch test sites 
with a ++ assessment, the EIDs for sites with 
MnCl2 were signiﬁcantly lower than for the other 
metal agents.  In patch test sites with a + assess-
ment, there were no signiﬁcant differences of EID 
between any of the metal reagents.  In patch test 
Fig. 3　Differences of EI and EID in healthy volunteers
 At all measurement times, the EI was signiﬁcantly higher in men than in women (A). On the other hand, the EID 
did not show signiﬁcant differences between men and women at any measurement time (B).
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sites with an irritant reaction, the EIDs for sites 
with MnCl2, HAuCl4 and PdCl2 were signiﬁcantly 
higher than the others.  In sites with a negative 
reaction, the EIDs for sites with H2Cr4O7, HAuCl4 
and PdCl2 were signiﬁcantly higher while those 
for sites with AgBr, TiO2, MoCl2, SnCl2 and FeCl3 
were lower than the other sites.  In addition, we 
detected many cases of irritant reactions for 
Fig. 4　Differences of EID in the patch test reaction
There were no +++ assessments by the ICDRG standard. We detected 
signiﬁcant differences in EID between ++ assessments (202.29± 63.2), 
+ assessments (140.83± 66.5) and irritant reactions (76.13± 52.9).
Table 1　Patch test reaction site of each metal reagent
+ ++ +－ －
material site material site material site material site
HgCl2 19 HgCl2 0 HgCl2 33 HgCl2 98
K2Cr4O7 17 K2Cr4O7 0 K2Cr4O7 51 K2Cr4O7 82
CrSO4 14 CrSO4 0 CrSO4 12 CrSO4 124
NiSO4 23 NiSO4 13 NiSO4 29 NiSO4 85
ZnCl2 24 ZnCl2 0 ZnCl2 25 ZnCl2 101
MnCl2 8 MnCl2 2 MnCl2 26 MnCl2 114
AgBr 0 AgBr 0 AgBr 0 AgBr 150
TiO2 0 TiO2 0 TiO2 0 TiO2 150
Ti(SO4)2 5 Ti(SO4)2 0 Ti(SO4)2 23 Ti(SO4)2 122
AlCl2 0 AlCl2 0 AlCl2 21 AlCl2 129
MOCl2 3 MOCl2 0 MOCl2 26 MOCl2 121
CuSO4 3 CuSO4 0 CuSO4 29 CuSO4 118
HAuCl4 8 HAuCl4 0 HAuCl4 31 HAuCl4 111
SnCl2 4 SnCl2 0 SnCl2 38 SnCl2 108
FeCl3 1 FeCl3 0 FeCl3 36 FeCl3 113
H2PtCl6 21 H2PtCl6 0 H2PtCl6 59 H2PtCl6 70
PdCl2 23 PdCl2 4 PdCl2 23 PdCl2 110
InCl3 3 InCl3 0 InCl3 19 InCl3 128
IrCl2 3 IrCl2 0 IrCl2 41 IrCl2 106
CoCl2 10 CoCl2 3 CoCl2 36 CoCl2 101
Total 189 Total 22 Total 558 Total 2231
Patch test reactions were judged as + assessment (189 sites), ++ assessment (22 
sites), irritant reaction (558 sites), and negative reaction (2231 sites).
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H2PtCl6, CoCl2 and IrCl2 (Fig. 5).  For PdCl2, the 
EID of positive reactions was signiﬁcantly higher 
than the EID of irritant reactions.  However, for 
MnCl2 and HAuCl4, there were no signiﬁcant dif-
ferences in EIDs between positive reactions and 
irritant reactions (Fig. 6).
4.  Changes in EID over time in the three 
groups of patients
　In the 50 patients, the 1,000 sites assessed were 
categorized into a positive group (101 sites), an 
irritant response group (217 sites) and a negative 
group (682 sites), according to the ICDRG stan-
dards.
　The EID of the positive group was 124.30±
70.01 at 48 h, 141.40± 69.02 at 72 h, and 146.68
± 84.65 at 1 week.  In the irritant response group, 
the EID was 80.89± 55.93 at 48 h, 80.18± 50.78 
Fig. 5　Differences of EID between metal reagents
In patch test sites with a ++ assessment, the EIDs for sites with MnCl2 were signiﬁcantly lower than those with other metal 
agents (A). In patch test sites with a + assessment, there were no signiﬁcant differences of EID between each metal reagent 
(B). In patch test sites with irritant reactions, EIDs for sites with MnCl2, HAuCl4 and PdCl2 were signiﬁcantly higher than the 
others (C). In sites with a negative reaction, the EID for sites with H2Cr4O7, HAuCl4 and PdCl2 were signiﬁcantly higher and 
sites with AgBr, TiO2, MoCl2, SnCl2 and FeCl3 were lower than other sites (D).
Fig. 6　MnCl2, HAuCl4 and PdCl2 in irritant reactions
For PdCl2, the EID of positive reactions was signiﬁcantly 
higher than the EID of irritant reactions. However, for 
MnCl2 and HAuCl4, there were no signiﬁcant differences 
of EIDs between positive reactions and irritant reac-
tions.
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at 72 h, and 49.78± 47.47 at 1 week.  In the nega-
tive group, the EID was 30.09± 44.79 at 48 h, 
23.81± 37.05 at 72 h, and 16.68± 33.37 at 1 
week.  Signiﬁcant differences were seen among 
these groups.  In the positive group, the EID at 72 
h and at 1 week tended to be as high as that at 48 
h.  In the 48 h, 72 h and 1 week readings, the posi-
tive group showed signiﬁcantly higher EID values 
than the irritant response group.  In the irritant 
response group, the EID was lower at 1 week than 
at 48 h or 72 h (Fig. 7).
5.  Establishment of cutoff values, sensitivity, 
speciﬁcity and Kappa statistic of this eval-
uation for ICDRG standards
　Since readings of + or greater at 72 h and at 1 
week were taken as positive, the EID at 72 h or 1 
week or the increase at 72 h or 1 week from 48 h 
may represent a positive reaction.  We examined 
setting the cutoff value at EID increases of 10, 15, 
and 20.  In addition, we examined when an EID 
value was more than 200 or more than 150 in a 
given condition.  When positivity was taken as an 
EID at either 72 h or 1 week that was 20 higher 
than at 48 h, or if the EID at either 72 h or 1 week 
was more than 150, the sensitivity and speciﬁcity 
of the evaluation method with the MX18 was 
73.3% (74/101) and 91.2% (820/899), respectively. 
These data represent the highest values obtained 
in our setting.  In addition, the Kappa statistic 
was 0.52 (Table 2).
Discussion
　In the clinical use of a metal series patch test, 
differentiating between a positive response and an 
irritant response is often a challenge.  The present 
study attempted to establish objective criteria for 
the metal series patch test using the MX18.
　We previously investigated sex differences, 
reproducibility, and patch test unit irritation for 
EI standard values to establish objective patch 
values using the MX18.  The EI was signiﬁcantly 
higher in men than in women.  Individual differ-
ences and irritation by the patch test unit were 
also seen.  These results do not contradict previ-
ous reports on changes in skin color depending on 
factors such as age, sex and site15.  This suggests 
that errors are produced with measurements of 
erythema alone using the MX18, although quanti-
ﬁcation of erythema from ultraviolet radiation 
using an instrument can be performed with a sin-
gle measurement of erythema16.  Therefore, two 
control sites were also measured on healthy skin 
outside the patch test area and the patch test site 
in order to reduce errors from individual irritation 
and sex differences.  The EI at the patch test site 
minus the mean value of EI at the two control 
sites (EID) was used to assess patch test reac-
tions.  However, even in studies of erythema mea-
surements from patch tests using a dermaspec-
trometer, the control site used was only healthy 
Table 2　 Establishment of cutoff values, and sensitivity, 






+ 74 79 153
－ 27 820 847
Total 101 899 1000
When positivity was taken as an EID at either 72 h or 1 
week that was 20 higher than at 48 h, or an EID at either 
72 h or 1 week that was more than 150, the sensitivity and 
speciﬁcity of the evaluation method with the MX18 was 
73.3% (74/101) and 91.2% (820/899), respectively. These 
data represent the highest ﬁgures obtained under our con-
ditions. In addition, the Kappa statistic was 0.52.
Fig. 7　 Changes in EID over time in the three groups of 
patients
The EID was signiﬁcantly higher in the patch test-posi-
tive group, the irritant response group and the negative 
group, in that order. In the positive group, the EID at 72 
h and at 1 week tended to be as high as the 48 h reading. 
On the contrary, the EID at 1 week tended to be lower 
than at 48 h and at 72 h in the irritant response group. 
Signiﬁcant differences were seen between groups as not-
ed.
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skin17.  We thought that establishing two control 
locations would allow the erythema at each of the 
patch test sites to be measured with minimal 
error.  The EID did not detect signiﬁcant differ-
ences in any measurement time in the experiment 
with healthy volunteers.  These results suggest 
that the EID can minimize errors due to sex dif-
ferences.
　Next, we attempted to objectively assess the 
patch tests by calculating the EID of patients with 
suspected metal allergies.  We compared the EID 
with subjective patch test readings based on the 
ICDRG standards to determine if they were suit-
able for assessing patch test reactions.  The mean 
EID value of the patch test reactions as ++ assess-
ments was higher than the + assessments.  A simi-
lar tendency was observed between patch test 
reactions measured as + assessment, irritant reac-
tion or as a negative reaction.  There were signiﬁ-
cant differences between these mean values.  In 
addition, we inspected the difference in EID 
between each metal reagent.  Some metal 
reagents, such as PdCl2 and HAuCl2 have color 
and it is difﬁcult to assess patch test reactions of 
those metals objectively.  We did not recognize any 
signiﬁcant differences in EIDs between different 
metal reagents in sites with a positive reaction. 
However, the EIDs for sites with PdCl2 and 
HAuCl2 were signiﬁcantly higher than those for 
other metals at sites with irritant or negative 
reactions.  We suggest that these phenomena are 
due to the inﬂuence of the color because PdCl2 and 
HAuCl2 were signiﬁcantly higher than other met-
als in sites with a negative reaction.  In the patch 
test with PdCl2, the mean EID of positive reac-
tions was signiﬁcantly higher than irritant reac-
tions.  The false positive rate was very low 3.8% 
(3/79), suggesting that there was little inﬂuence 
on the measurement due to the MX18.  However, 
in the case of HAuCl2, there was no signiﬁcant dif-
ference in the EID between the positive reaction 
and the irritant reaction.  The false positive rate 
was a little higher, 10.2% (8/79).  However, the 
inﬂuence of color was thought to be minimal as 
the false positive rate of the EIDs of all metals 
was 8.8% (79/899).  These results indicate that it 
is possible to evaluate patch test reactions of 
metal series only by measuring erythema with the 
MX18 in spite of the edema, papules, vesicles, etc. 
that affect the subjective assessment.
　Therefore, we compared the EID of the three 
categorized groups based on the criteria for judg-
ing the patch test sites of all reading days as aller-
gic or irritation reactions.  The EID was higher in 
the positive, irritant response and negative 
groups, in that order, and signiﬁcant differences 
were seen between those groups.  The EID in the 
positive group tended to remain high, while the 
EID in the irritant response group peaked at 48 h 
and tended to decrease over time.  Looking at the 
pattern of changes over time, a signiﬁcant differ-
ence was seen between irritant and positive 
responses.  Therefore, to interpret patch tests for 
metal allergens, objective evaluations can be made 
using the MX18 and by calculating the EID over 
time.
　We also attempted to establish cutoff values to 
clarify the sensitivity and speciﬁcity of this evalu-
ation method because patch test assessment by 
the ICDRG standard is the gold standard.  In the 
positive group, the EID rose or did not change 
over time in many cases, while the EID in the irri-
tant response group tended to decrease.  We thus 
took a high value of an increase of more than 20 at 
72 h and 1 week compared with the EID at 48 h as 
the standard to be one condition for positivity. 
However, since there are some exceptional cases of 
EID changes over time, and since signiﬁcant dif-
ferences were seen between the three groups, we 
also included a value of EIDs of more than 150 at 
72 h and 1 week as a condition for positivity.  In 
addition, when the EID was less than 0 at even 
one time, we assumed it was a negative reaction. 
The resulting sensitivity and speciﬁcity for the 
patch test evaluation method using the MX18 
were 73.3% and 91.2%, respectively.  In addition, 
we used the Kappa statistic to evaluate the repro-
ducibility of the method using the MX18.  We 
evaluated the congruity of our assessment with 
the MX18 to judge according to the ICDRG stan-
dard using the Kappa statistic.  This result indi-
cates that our assessment is congruous since the 
Kappa statistic was 0.52.  We also experienced 
cases which were assessed as positive responses 
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based on the ICDRG standard but which were 
judged as irritant responses as the EID decreased 
over time.  Conversely there were some cases that 
were categorized as irritant responses based on 
the ICDRG standard but where the EID showed 
the highest value on day 7.  Those cases were the 
reason why the sensitivity was not very high.  In 
addition, possible causes of the discrepancies 
between our subjective and objective measure-
ments include conditions such as the edge effect or 
the excited skin syndrome2,18.  In addition, since 
the diameter of the pad for reagent application 
was 9 mm and the diameter of the measurement 
probe was 5 mm, variation may also have occurred 
at the measurement sites.  Further investigation 
is needed in the future to resolve this.  Interpreta-
tions of patch tests are subjective when the naked 
eye is used.  In the case of metal allergens, pus-
tules reportedly appear from irritant responses, 
and a fair amount of variation occurs in positive 
and irritant readings19.  In our study, many cases 
judged as irritant reactions were observed in the 
case of H2PtCl6, CoCl2 and IrCl2.  The reason for 
this is not clear, although the high sensitization 
rate to H2PtCl6 may be related to its high irritabil-
ity20.  However, the EID of positive reactions was 
signiﬁcantly higher than the EID of irritant reac-
tions with each reagent, and there seems to have 
been little inﬂuence in the evaluation by the 
MX18 (Fig. 8).  In recent years, the problem of the 
reproducibility and reliability of patch test assess-
ments has also occasionally been reported21. 
Patch test interpretations may differ, for example, 
between an inexperienced dentist and a practiced 
dermatologist.
　In conclusion, objective assessments of patch 
test results for metal allergens can be performed 
by measuring the EID for melanin and erythema 
over time.  We think that visual evaluation 
together with objective measurement using the 
MX18 provides a patch test with high reproduc-
ibility and reliability that does not depend on the 
experience or training of the observer.
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